Objectives. The aim was to validate the short PTSD-8 scale against the Structured Clinical Interview (SCID-1) for post-traumatic stress disorder and to test the latent structure of post-traumatic stress disorder in chronic pain patients.
Post-traumatic stress disorder (PTSD) is highly prevalent in chronic pain patients and is generally associated with more severe pain and distress compared with patients without PTSD (for reviews, see, e.g., [1, 2] ). However, a PTSD diagnosis often goes unattended in clinical practice [3, 4] , which may be partially because routine screenings in clinical practice often focus on pain-related disability and distress (e.g., anxiety and depression). According to the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) [5] , PTSD is an anxiety disorder that can develop in response to a traumatic exposure involving an actual or perceived threat (criteria A1) and a reaction of intense fear, helplessness, or horror (criteria A2). Additionally, the DSM-IV PTSD diagnosis comprises symptoms of intrusion (criteria B), avoidance (criteria C), and hyperarousal (criteria D). Screening for PTSD among chronic pain patients is important as chronic pain patients are at increased risk of meeting the DSM-IV PTSD A criterion [6] . Indeed, the coexistence of pain and PTSD is noteworthy as the conditions are thought to exacerbate or mutually maintain each other in these patients [2, 7] . Hence, screening for PTSD in chronic pain patients may be vital for planning an effective course of treatment that also targets PTSD symptoms.
Unfortunately, screening for PTSD in the context of chronic pain rehabilitation is not straightforward, but poses several challenges. First, the two conditions have several shared clinical characteristics, which makes it difficult to distinguish between them without a formalized screening procedure. Indeed, both conditions are characterized by behavioral avoidance, elevated levels of arousal, negative affect, reduced activity, and attention and reasoning bias toward somatic cues [7] [8] [9] . Second, adding more questions to an already very comprehensive screening battery when screening patients for admission to pain rehabilitation may compromise the quality of the answers and become a burden to the patients. At the same time, a good screening tool should be able to distinguish PTSD symptoms from symptoms of other mental conditions. Research in the latent structure of PTSD is still debated, and different models have been proposed [10, 11] . In the DSM-5, the description of PTSD has been broadened compared with the DSM-IV, with the inclusion of a fourth symptom cluster (i.e., negative alternations in cognitions and mood). Contrary to the DSM-5, the proposed ICD-11 diagnostic criteria for PTSD focus on the three core elements of PTSD (intrusion, avoidance, and hyperarousal) and do not include so-called nonspecific symptoms also included in other disorders, for instance, items related to dysphoria.
The PTSD-8 scale consists of only eight items, corresponding to eight DSM-IV PTSD symptoms [11] . At the same time, the PTSD-8 also covers the seven symptoms of PTSD that comprise PTSD according to the ICD-11 proposal. The PTSD-8 was developed as an abbreviation of the Harvard Trauma Questionnaire (HTQ) [12] . Hansen et al. [11] found that the removal of items related to dysphoria had little impact on the PTSD prevalence rate compared with the full version of the HTQ. With an overall efficiency ranging from 75% to 89%, the PTSD- [11] . Concurrent validity was established by comparing the PTSD-8 with the Trauma Symptom Checklist (TSC) [13] . The overall best cutoff criteria were achieved by a combination of at least one symptom with an item score of 3 or higher from each of the three PTSD symptom clusters [11] . However, the established cutoff criteria should be used with caution as the specific cutoff criteria may depend on the specific traumatic exposure, as well as the existence of comorbid conditions such as pain. Additionally, the lack of validation of PTSD-8 against a diagnostic interview may also have affected the cutoff criteria established in the study by Hansen and colleagues [11] .
In accordance with previous research into the factor structure of PTSD [10, 14] and the more stringent focus on the core elements of PTSD, we believe that the PTSD-8 is a valid short screening tool for comorbid PTSD in chronic pain patients. However, the PTSD-8 still needs to be validated against a diagnostic interview for PTSD and tested in a chronic pain population. Furthermore, the structure of PTSD also needs to be validated.
Thus, the aim of the present study was to validate a short screening scale for PTSD in the context of chronic pain rehabilitation. The short PTSD-8 scale was validated against a Structured Clinical Interview for PTSD (SCID-I) [15] in a chronic pain population, and the latent structure of the PTSD-8 was tested using confirmatory factor analysis (CFA).
Materials and Methods

Participants and Procedure
A total of 51 chronic nonmalignant pain patients (M age ¼ 48.6 6 11.9 years; 58% women; M pain duration ¼ 4.21 6 16.86 years) exposed to a traumatic event were consecutively recruited from a multidisciplinary pain center in the region of Southern Denmark. The Pain Center is a specialized, multidisciplinary pain rehabilitation center that receives referrals from the municipal health care system in Denmark. The team of specialists includes anesthesiologists, nurses, physiotherapists, social workers, and clinical psychologists. As part of the routine psychological screening at admission to the pain center, patients were asked to identify significant traumatic stressors from a list that included experiences of both direct and indirect exposure to traumatic events. Subsequently, all patients who reported exposure to a traumatic event (the A1 criterion) were contacted by phone by a research assistant. During this short phone interview, the research assistant assessed the fulfilment of the A2 criterion. All patients who met the A2 criterion were invited to participate in a clinical diagnostic interview at the Pain Center. Prior to the interview, all patients completed the PTSD-8 scale. Two Master'slevel psychology students in their final year performed the diagnostic interviews. The students were intensively trained and supervised by authorized clinical psychologists before the study. The interviewers were blinded to the PTSD-8 scoring.
Moreover, to assess the three-factor structure of the PTSD-8 (i.e., hyperarousal, intrusion, and avoidance), a large representative one-year cohort of 419 chronic nonmalignant pain patients (mean age ¼ 47.6 6 12.4 years; 61% women; mean pain duration ¼ 9.78 6 9.70 years) were consecutively assessed with the PTSD-8 at admission to the pain center.
The research protocol was approved by the review boards of the University of Southern Denmark and the Danish Data Protection Agency.
Measurements
The PTSD-8
The PTSD-8 [11] is a short PTSD scale derived from the HTQ part IV [12] . The PTSD-8 consists of eight items rated on a four-point Likert scale (1 ¼ not at all, 4 ¼ very often). A total symptom severity score can be calculated. A cutoff score indicating possible PTSD can also be obtained by the following criterion: at least one item within each PTSD symptom cluster (intrusion, avoidance, hyperarousal) with a score of 3 or higher. In the present study, internal consistency measured by Cronbach's alpha for the total scale was satisfactory (a ¼ 0.84).
The SCID-I for PTSD
The SCID-I for PTSD [15] covers the 17 DSM-IV PTSD symptoms, as well as the A, E, and F criteria. Both a symptom severity score and a PTSD diagnostic score can be obtained by the interview. In the present study, only the presence or absence of a PTSD diagnosis is used. The overall interrater reliability for the SCID interviews was examined with Cohen's K on six initial interviews. There was almost perfect agreement between the two raters (j ¼ 0.842, 95% confidence interval [CI] ¼ 0.756-0.917, P < 0.0005).
The Hospital Anxiety and Depression Scale
The Hospital Anxiety and Depression Scale (HADS) [16] consists of seven items related to depression and seven items related to anxiety, with responses rated on a fourpoint Likert scale (0 ¼ no symptoms, 3 ¼ maximum impairment). In the present study, internal consistency measured by Cronbach's alphas were satisfactory for the total scale (a ¼ 0.93) and subscales (a ¼ 0.85-0.88).
The Pain Catastrophizing Scale
The Pain Catastrophizing Scale (PCS) [17] measures catastrophic thinking related to pain. Patients are asked to reflect on past painful experiences and to indicate the degree to which they experienced each of 13 thoughts or feelings when experiencing pain on a five-point Likert scale (0 ¼ not at all, 4 ¼ all the time). In the present study, internal consistency measured by Cronbach's alpha was satisfactory (a ¼ 0.95).
The Tampa Scale of Kinesiophobia
The Tampa Scale of Kinesiophobia (TSK) [18, 19] is a 17-item scale measuring fear of movement. Responses are rated as level of agreement on a four-point Likert scale: (1 ¼ strongly disagree, 4 ¼ strongly agree). In the present study, internal consistency measured by Cronbach's alpha was satisfactory (a ¼ 0.83).
The Pain Disability Questionnaire
The Pain Disability Questionnaire (PDQ) [20] is a 15-item measure assessing psychosocial disability. Thus, the PDQ is designed for evaluating chronic disabling pain and how it affects the ability to function in daily life. Each item is answered on a 10-cm visual analog scale (0 ¼ optimal function, 10 ¼ total disability). In the present study, internal consistency measured by Cronbach's alpha was satisfactory (a ¼ 0.88).
Statistical Analyses
The prevalence of true positives, false positives, true negatives, and false negatives was calculated for different PTSD-8 cutoff scores, as well as a combined score of fulfillment of each of the three cluster criteria on the PTSD-8 (an item score 3). The positive predictive value (PPV) and the negative predictive value (NPV) were calculated as follows: PPV ¼ true positives/(true positives þ false positives) and NPV ¼ true negatives/ (true negatives þ false negatives). The diagnostic accuracy of the PTSD at the different cutoff criteria was assessed by plotting the receiver operating characteristic (ROC) curve indicating sensitivity vs 1 -specificity. A positive PTSD score on the SCID interview was used as the state variable against which the PTSD-8 was tested. Hence, sensitivity and specificity were calculated as follows: sensitivity ¼ true positives/17, and specificity ¼ true negatives/34. An area under the curve (AUC) score of 0.80 or higher is accepted as good [21] .
The relationships between the total PTSD-8 score and psychological distress and psychosocial disability, respectively, were assessed by Pearson product-moment correlation coefficient. Moderate correlations were to be expected with all the outcomes. All analyses were performed in SPSS v. 22. Finally, the three-factor of the PTSD-8 (i.e., hyperarousal [items [1] [2] [3] [4] , avoidance [items [5] [6] , intrusion [items 7-8]) (see the Appendix for specific items) was investigated in the chronic cohort (N ¼ 419) using CFA techniques in Mplus version 7.4 [22] with the robust variant of the diagonally weighted least squares (WLSMV), which is particularly suitable for categorical data with low numbers of categories (e.g., two to three). Kline's [23] suggestions for determination of good model fit were followed for the CFA analysis; a chi-square to degrees of freedom (v 2 :df) ratio of less than 3:1; Comparative Fit Index (CFI), and Tucker Lewis Index (TLI) values greater than 0.90 reflect acceptable model fit, and values greater than 0.95 reflect excellent fit; root mean square error of approximation with 90% confidence interval (RMSEA 90% CI) values of 0.05 or less reflect excellent model fit, while values less than 0.10 reflect acceptable fit.
Results
Accidents and injuries were the most frequently reported traumatic events (N ¼ Table 1 . The PTSD-8 is included in the Appendix.
As shown in Table 1 , the estimated PTSD prevalence rates ranged according to the use of the different cutoff scores from 27.5% (cutoff ¼ 24) to 86.3% (cutoff ¼ 16). The best balance between sensitivity, specificity, and positive and negative predictive values was achieved using the cluster criteria for PTSD. Using the cluster criteria for PTSD, the estimated prevalence rate was 41.2%. Furthermore, the number of true positives ranged from 10 The diagnostic efficiency of the PTSD-8 is presented in Table 2 . The best balance between sensitivity and specificity was achieved at the cutoff score of 21 (sensitivity ¼ 0.71, specificity ¼ 0.71). Sensitivity, specificity, positive predictive value, and negative predictive value for different cutoff values are presented in Table 2 .
Patients with possible PTSD compared with patients without PTSD according to the PTSD-8 reported significantly higher levels of anxiety (M ¼ 13. Table 3 shows the means, standard deviations, and the correlations between the PTSD-8 and the other distress measures. The PTSD-8 correlated highly with all the other distress measures (r ¼ 0.49 -0.65, P < 0.01) and moderately with disability (r ¼ 0.43, P < 0.01) and kinesiophobia (r ¼ 0.39, P < 0.05). As an indicator of convergent validity, the highest correlation was found between the PTSD-8 and anxiety (r ¼ 0.65).
The results of the CFA for the PTSD-8 three-factor structure provided excellent fit for the eight PTSD symptoms, (chi 2 (17) ¼ 97.11, P < 0.001) according to CFI (0.980) and TLI (0.966), and a model with a good fit according to WRMR (0.917). RMSEA only indicated acceptable fit (0.106, 90% CI ¼ 0.086-0.127). This is not surprising as RMSEA tends to be harsher on smaller models with relatively fewer variables and factors due to the relatively low degrees of freedom [23] . Indeed, studies show that otherwise well-fitted models with small degrees of freedom can be rejected by RMSEA irrespective of sample size, and thus the cutoff point for RMSEA has limited validity in these samples [24, 25] . All symptoms loaded strongly on their respective factors (0.81-0.90, SE ¼ 0.018-0.31, all P < 0.001). Correlations between the three factors were strong (0.67-0.73, SE ¼ 0.034-0.043, P < 0.001).
Discussion
Overall, the results of the present study show that the PTSD-8 performed well in the context of chronic pain rehabilitation. A high overall accuracy was found when validating the PTSD-8 against the SCID interview (AUC ¼ 0.81). The best balance between sensitivity and specificity was achieved using the cluster criteria for PTSD (at least one item within each PTSD symptom cluster with a score 3) and at a total score of 21 or higher on the PTSD-8. Furthermore, the PTSD group reported higher levels of distress and disability, and as expected the PTSD-8 correlated highly with anxiety, indicating good convergent validity. In addition, PTSD symptoms correlated moderately with pain catastrophizing, kinesiophobia (fear of movement), and disability, which underlines the importance of addressing possible PTSD in pain rehabilitation. However, the results do not indicate whether treating PTSD actually alleviates painrelated symptoms or the other way around. Finally, CFA provided excellent fit for the three-factor structure of the PTSD-8, suggesting generalizability of the model chronic pain populations.
The overall accuracy was not as satisfactory as that reported by Hansen and colleagues [11] . This is not that surprising as the present study validated the PTSD-8 against a diagnostic interview and not against the scale from which it was derived (i.e., the HTQ), as in the study by Hansen and colleagues [11] . In accordance with Hansen and colleagues [11] , the best balance between sensitivity, specificity, and positive and negative predictive values was achieved using the cluster criteria for PTSD. The cutoff score is slightly higher than the optimal cutoff of 18 for whiplash patients identified by Hansen and colleagues [11] . This may reflect the unique focus on whiplash compared with a focus on a mixed chronic pain population with different index traumas as in the present study. Furthermore, the initial screening for the A1 and A2 criteria may have influenced the cutoff criteria compared with Hansen and Colleagues [11] .
Despite the fact that the best compromise between sensitivity and specificity was achieved with a cutoff score of 21, we recommend using the cluster criteria for PTSD. From a clinical perspective, the inclusion of the cluster criteria in addition to the cutoff criteria is important as a high PTSD score can be achieved without the diagnostic criteria for an estimated PTSD diagnosis being met. In particular, patients with high levels of reexperiencing symptoms related to the trauma may need interventions that systematically focus on confronting the traumatic memories. On the other hand, patients not fulfilling the PTSD cluster criteria for re-experiencing but still presenting significant avoidance symptoms may still profit from in vivo exposure confronting avoidance of everyday activities associated with pain; however, confronting trauma memories may not be relevant [26] . However, suggesting a predetermined cutoff criteria applying to all settings may not be recommendable. Sometimes, lowering the cutoff criteria may be necessary to make sure that all possible PTSD cases are captured. In particular, if patients are not offered further psychological intervention in the Pain Center, it is possible that PTSD cases may be overlooked without further assessment.
Since the development of the PTSD-8, the DSM and the alternative diagnostic system International Classification of Mental Disorders (ICD) have been subjected to revision [14, 27, 28] . This has resulted in two relatively different descriptions of PTSD diagnosis [14] . In the DSM-5, the description of PTSD has been broadened, compared with the DSM-IV, with the inclusion of a fourth symptom cluster (i.e., negative alternations in cognitions and mood). To the contrary, the proposed ICD-11 PTSD diagnosis has suggested more stringent diagnostic criteria, including only seven symptoms belonging to the three symptom clusters of arousal, intrusion, and avoidance [14, 28] .
Specifically, the ICD-11 proposal of PTSD suggests a diagnosis that does not include symptoms related to dysphoria. This is in accordance with the preceding PTSD-8. Indeed, the PTSD-8 scale comprises all ICD-11 PTSD symptoms within its eight items. Thus, it can be argued that the PTSD-8 is likely to also measure PTSD according to the ICD-11 proposal, whereas it is more uncertain if the PTSD-8 measures the DSM-5 PTSD.
Although other good and valid tools exist to assess PTSD, we argue that the PTSD-8 addresses many of the challenges faced when assessing possible comorbid PTSD in chronic pain. Existing scales such as the PCL-5 are far too long to be included as standard screening tools. At the same time, existing scales are yet to be validated in pain samples. Additionally, the PCL-5 includes items that are commonly associated with chronic pain. For instance: "loss of interest in activities that you used to enjoy," "feeling distant or cut from other people," "feeling irritable or angry or acting aggressively," "having difficulties concentrating," and "trouble falling or staying asleep." Chronic pain patients without PTSD often experience these symptoms. Furthermore, these symptoms are also related to consequences of having constant pain, which leads to sleep deprivation, irritation, concentration and memory problems, and ultimately to loss of interest in activities and social isolation, which are all symptoms that may be mistaken for PTSD symptoms. Finally, the items of the PTSD-8 correspond to the PTSD symptoms in the proposed ICD-11 PTSD diagnosis. Measurements of the proposed ICD-11 PTSD criteria have not yet been validated in the context of chronic pain rehabilitation, and thus we believe that the PTSD-8 makes a good and valid screening tool for possible PTSD in the context of chronic pain rehabilitation. Combined, this suggests that the PTSD-8 is a valid measurement of PTSD in chronic pain patients.
Limitations and Strengths
Limitations regarding the interpretation of the results from this study should be taken into consideration. The study is limited by the small sample size and mixed traumas. Thus, the results of the study need to be replicated in future studies that include larger sample size and control for specific traumatic exposure. It is possible that when the pain condition is caused by or closely linked to a traumatic event (e.g., traffic accidents), other mechanisms may affect the clinical representation of symptom. For instance, pain may trigger intrusive thoughts about the traumatic event more easily if pain is caused by the trauma. In this case, the differentiation of the two conditions may be more difficult and thus affect the accuracy of the PTSD-8. Additionally, the validation against the SCID-I should be further expanded by a validation against the present DSM-5 and/or the proposed ICD-11 criteria. However, it can be argued that as the PTSD-8 contains the same items as the proposed ICD-11 criteria for PTSD, the PTSD-8 is expected to perform satisfactorily in relation to a validation against the ICD-11. The establishment of cutoff criteria for chronic pain patients makes the PTSD-8 an important clinical screening tool in the context of chronic pain rehabilitation. The PPV, NNP, sensitivity, and specificity of the PTSD-8 were acceptable in the present study. However, future studies are needed to shed light on whether better predictions can be obtained and if the cutoff score needs to be adjusted in relation to the recent and upcoming PTSD diagnostic criteria.
Conclusions
The PTSD-8 was found to be a valid short PTSD screening tool to apply in chronic pain rehabilitation. A more stringent focus on the PTSD core symptoms did not seem to affect the accuracy of the scale. However, due to the difficulty in differentiating the shared clinical characteristics of PTSD and pain, it may still be necessary to follow up with a diagnostic interview for PTSD.
